Despite increase in serum total cholesterol, high smoking rate, and frequency of adverse blood pressure levels in Japan, coronary heart disease (CHD) incidence and mortality apparently remain substantially lower at all ages in Japan than in the US and other Western societies. To better understand these differences, we compared CHD biomedical risk factors and dietary variables in Japanese living in Japan and 3rd and 4th generation Japanese emigrants living a primarily Western lifestyle in Hawaii, in an ancillary study of the INTERMAP. Men and women aged 40-59 years were examined by common standardized methodsFfour samples in Japan (574 men, 571 women) and a Japanese-American sample in Hawaii (136 men, 131 women). Average systolic (SBP) and diastolic (DBP) blood pressures were significantly higher in men in Japan than in Hawaii; there were no significant differences in women. The treatment rate of hypertension was much lower in Japan than Hawaii. Smoking prevalence was higher, markedly so for men, in Japan than Hawaii. Body mass index, serum total and low-density lipoprotein cholesterol, HbA1c, and fibrinogen were significantly lower in Japan than in Hawaii; high-density lipoprotein cholesterol was higher in Japan. Total fat, saturated fatty acid intake, and Keys dietary lipid score were lower in Japan than in Hawaii. Polyunsaturated/ saturated fatty acid ratio and omega-3 fatty acid intake were higher in Japan than in Hawaii. In conclusion, levels of several, especially lipid, CHD risk factors were generally lower in Japanese in Japan than in Japanese in Hawaii. These differences were smaller for women than men between Japan and Hawaii. They may partly explain lower CHD incidence and mortality in Japan than Western industrialized countries.
Introduction
Dietary saturated fat and cholesterol have been demonstrated to cause increases in serum total cholesterol. 1 The intake of these lipids has increased dramatically in Japan in recent decades, especially in the young. 2, 3 Thus, the mean serum total cholesterol of young and middle-aged Japanese in Japan appears to have reached levels similar to those of Americans. 2, 3 Throughout this period, average blood pressures and rates of hypertension have been at least as high in Japanese adults as among white Americans. 4 In addition, although the smoking rate is declining steadily, Japanese men in Japan still have much higher smoking rates than men in Western societies. 2, 3 Nevertheless, coronary heart disease (CHD) incidence and mortality rates apparently remain substantially lower at all ages in Japan than in the US and other Western societies. 2, 3, 5 It is important to elucidate reasons for this phenomenon. [6] [7] [8] [9] It is also of interest that differences in CHD morbidity and mortality are far smaller between women in Japan and in Western societies than those seen for men. 2, 3, 5, 9 To date, many comparisons of risk factor levels and rates of cardiovascular diseases between the Japanese in Japan and Western populations have been based on nonstandardized data. Differences in traditional as well as more recently described risk factors between the populations are often not well documented. To understand these differences better, we made standardized comparisons of CHD biomedical risk factors and dietary variables in Japanese living in Japan and 3rd and 4th generation Japanese emigrants living a primarily Western lifestyle in Hawaii.
Population samples and methods
In the INTERLIPID study, an ancillary study to the 17-sample 4-country INTERMAP study, 10 574 men and 571 women aged 40-59 years in four centres in Japan, and 136 Japanese-American men and 131 Japanese-American women in the US sample in Honolulu, Hawaii were examined based on a standardized common protocol (Table 1) . Methods of the INTERMAP study are reported elsewhere; 10, 11 a brief description is given here. Blood pressure measurements were made on four different days; medical and lifestyle information, four 24-h dietary recalls, and two 24-h urine collections were obtained per participant. For the INTERLIPID study, nonfasting blood was drawn, serum and plasma were centrifuged within 30 min of blood drawing, and stored immediately under refrigeration. All specimens were frozen and stored locally at À701C. Serum lipids, fibrinogen, HbA1c, and other variables were measured in a central laboratory approximately 6-12 months later. For these analyses, samples from Hawaii and the Japanese centres were shipped to the central laboratory in Japan on dry ice. Individual samples from the five centres were allocated for analyses randomly to avoid systematic measurement bias.
The central laboratory was standardized using the Lipid Standardization Program, Centers for Disease Control and Prevention, Atlanta, USA, and successfully met the criteria of precision and accuracy for control measurements. 12 The laboratory is currently a member of the Cholesterol Reference Method Laboratory Network (CRMLN). 13 Except for measurement of fibrinogen and HbA1c, serum was used and analysed by an autoanalyzer (Hitachi 7107). For fibrinogen concentration, the thrombin coagulation time method was used.
14 HbA1c was measured by a high-perfusion liquid chromatography method standardized by the Japanese Diabetes Society. 15 
Results

Blood pressure
Both average systolic (SBP) and diastolic (DBP) blood pressures were significantly higher in men in Japan than in Hawaii (Table 2) . No significant SBP or DBP differences were seen in women. The rate of hypertension treatment (defined as taking antihypertensive medication) was considerably lower for both men and women in Japan than Hawaii (Po0.01).
Smoking and drinking
Japanese men in Japan had far higher smoking rates than Japanese-American men in Hawaii (Po0.01) ( Table 2 ). While smoking rates were higher for women in Japan than Hawaii, differences were not as dramatic. Drinking rates for both men and women in Japan were also significantly higher than those in Hawaii.
Dietary and serum lipids, HbA1c, fibrinogen, dietary electrolytes
Body mass index (BMI) (kg/m 2 ), total fat intake, intake of saturated, mono-and polyunsaturated fatty acids (% total kcal), serum total and low-density lipoprotein cholesterol (LDL-C), triglycerides (TG), HbA1c, and fibrinogen were significantly lower in both men and women in Japan than in Hawaii (Tables 2-4 ). Omega-3 polyunsaturated fatty acid intake and the ratio of dietary polyunsaturated to saturated fatty acid intake (P/S) were significantly higher in Japan than in Hawaii (Table 4) . However, cholesterol intakes were significantly higher in both men and women in Japan than in Hawaii (Table 4) . Nevertheless, Keys dietary lipid score was significantly lower in men in Japan than in Hawaii. Mean levels of serum high-density lipoprotein cholesterol (HDL-C) were significantly higher in both men and women in Japan than in Hawaii (Table 3) . Lp(a) concentration was not different between Japan and Hawaii. Sodium intakes were significantly higher in Japan than Hawaii for both men and women (Table 4) . Vitamin A, b-carotene, calcium, magnesium, selenium, and iron intakes were significantly lower in both men and women in Japan than in Hawaii (Table 4) .
Discussion
The main findings from this end-of-century survey of population samples of Japanese in Japan and Japanese-Americans in Honolulu, Hawaii aged 40-59 years are: for both men and women, more favourable levels of several dietary and blood lipid variables were observed in Japan than in Hawaii, that is, lower intake levels for total fat, SFAs, PFAs/ SFAs, and lower serum total cholesterol, LDL-C, triglycerides; higher intake of omega-3 fatty acids, higher serum HDL-C, and lower BMI. HbA1c and fibrinogen levels were also more favourable (ie, lower) for both men and women in Japan than in Hawaii. In contrast, cigarette smoking rates were higher for Japanese than Japanese-Americans, as were average levels of SBP, DBP, and rates of hypertension for Japanese men than Japanese-American men. Rates of hypertension treatment were lower for Japanese than Japanese-Americans. This pattern of contrasting findings for the traditional readily measured major CHD-CVD risk factors (serum cholesterol, SBP/DBP, cigarette smoking) and dietary neutral fats in middle-aged Japanese compared to Japanese-Americans (also, Americans generally) at the end of the 20th century is consistent with the results repeatedly reported during the latter half of the century, for example, by the Seven Countries and Ni-Hon-San studies. [16] [17] [18] Given the extensive data showing that CHD rates have been much lower for Japan than the USA throughout this period, with the contrast especially marked for men (present but quantitatively less for women), and that this contrast remains conspicuous in the latest data, key theoretical inferences are selfevident. Among the established major risk factors, dietary lipids and the serum lipids they influence are critically important for the occurrence of epidemic CHD. [19] [20] [21] When these are favourable in the whole population, the impact of other major risk factors (adverse SBP/DBP, cigarette smoking) on CHD risk is of limited expression. When these are adverse, the impact of each major risk factor is massive, especially in combination, producing fullblown epidemic CHD. 2, 5, [16] [17] [18] [19] [20] [21] In the present study, these differences in CHD risk factors were larger in men than in women. Thus, gender differences in CHD risk factors between the populations may contribute to apparent differences in CHD and stroke morbidity and mortality patterns on a population basis. 2, 3, 5 BMI for Japanese men and women was lower than for Japanese-Americans. There was no difference in height for men or women between Japan and Hawaii. Among Japanese, obesity was much less common than among Japanese-Americans, especially among men. Thus in Japan, lean body mass, especially in men, may have contributed to lower CHD risk, that is, lower serum total cholesterol, LDL-C, triglycerides, HbA1c , and fibrinogen levels and higher HDL-C levels (despite much higher smoking rates) than those of Japanese-Americans in Hawaii. Lower serum total cholesterol and LDL-C levels in Japan are correlated with lower saturated fat and PFA/SFA intakes and Keys lipid score than those in Hawaii, and prevail despite higher dietary cholesterol intake in Japan, a development in recent decades, reflecting the encouragement of whole egg intake to improve protein nutrition. Preliminary data from INTERMAP indicate that the higher omega-3 fatty acid intake in Japanese is apparently related to higher fish intake. 22 In Japan, those aged 40 years and older consume more than 100 g of fish daily, 23 a general finding nationwide, also recorded in INTERMAP. 22 The higher fish consumption in Japan may also relate to the lower serum total cholesterol, LDL-C, and triglycerides. In addition, data from Japanese participants in the Honolulu Heart ProgramFthe fathers of the Hawaii population in the present studyFindicate that fish consumption may be a protective factor against heart disease in smokers. 24 Despite the higher per cent of calories from carbohydrate, and despite higher smoking rates for Japanese compared to Japanese-Americans, most conspicuously in men, HDL-C levels were higher in Japanese than in Japanese-Americans. This finding is related to the lower BMI of the Japanese, although there may be other factors involved as well, including a higher per cent of total calories from alcohol for the Japanese compared to the Japanese-Americans. Be all that as it may, these data refute the notion about a presumed problem with lower intake of per cent total calories from fat, and higher intake of per cent total calories from carbohydrate instead, that is, the claim that this dietary pattern is responsible for lower HDL-C. Chinese data from the PRC-USA cooperative study are consistent with our INTERLIPID findings. 25 Blood pressure levels in Japanese men were higher than those in Japanese in Hawaii, despite lower body weight in Japan. This appears to be due principally to the large difference in the treatment rate of hypertension, which was much lower in Japan than in Hawaii. It may also relate to higher salt (NaCl) intake and higher dietary Na/K in Japanese than Japanese-Americans. We found similar phenomena in INTERSALT study samples in the late 1980s). 26 Difference in cardiovascular disease: the INTERLIPID study H Ueshima et al
In conclusion, levels of diet and blood lipid CHD risk factors (as well as BMI, HbA1c, fibrinogen) were generally lower in Japanese in Japan than in Japanese-Americans in Hawaii. In contrast, the smoking rate in Japan was much higher. In addition, there was a tendency for SBP/DBP and hypertension rates to be higher in Japan. All differences in CHD risk factors were larger in men than in women. Gender differences in CHD risk factors between the populations may help to explain known crosspopulation patterns of CHD and stroke morbidity and mortality. A better understanding of these differences in risk factor levels and their relationships to cardiovascular diseases in these societies can enhance the ability to cope more effectively with evolving lifestyles and lifestyle-related risk factor patterns, hence achieve greater success in preventing cardiovascular diseases in the 21st century.
